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E X P O S U R E  T O  P E S T I C I D E S  A N D  B R E A S T  C A N C E R  
R E V I S I T E D  
S a m a n t h a  S h a p i r o ,  M P H  c a n d i d a t e  
B r e a s t  c a n c e r  i s  t h e  m o s t  p r e v a l e n t  c a n c e r  a m o n g  w o m e n .  A l t h o u g h  i t  i s  c l e a r  t h a t  
t h e  i n c i d e n c e  o f  b r e a s t  c a n c e r  h a s  b e e n  o n  t h e  r i s e  o v e r  t h e  l a s t  f i f t y  y e a r s ,  t h e  c a u s e  o f  
t h i s  i n c r e a s e  r e m a i n s  u n k n o w n .  R i s k  f a c t o r s  f o r  b r e a s t  c a n c e r  a r e  c o m m o n l y  c l a s s i f i e d  
i n t o  f o u r  b r o a d  c a t e g o r i e s :  (  1 )  g e n e t i c ,  (  2 )  r e p r o d u c t i v e / h o r m o n a l ,  (  3 )  l i f e s t y l e  a n d  (  4 )  
e n v i r o n m e n t a l  ( S a l e h i  e t  a l . ,  2 0 0 8 ) .  E v e n  t h o u g h  t h e r e  a r e  s e v e r a l  e s t a b l i s h e d  r i s k  f a c t o r s  
a m o n g  t h e s e  c a t e g o r i e s ,  t h e y  a c c o u n t  f o r  c o n s i d e r a b l y  l e s s  h a l f  o f  b r e a s t  c a n c e r  c a s e s  i n  
t h e  U n i t e d  S t a t e s  ( F a l c k  e t  a l . ,  1 9 9 2 ) .  I t  w a s  s u g g e s t e d  i n  t h e  e a r l y  1 9 9 0 s  t h a t  e x p o s u r e  
t o  s o m e  e n v i r o n m e n t a l  c h e m i c a l s  m a y  p l a y  a  c a u s a l  r o l e  i n  t h e  e t i o l o g y  o f  b r e a s t  c a n c e r  
t h r o u g h  e s t r o g e n - r e l a t e d  p a t h w a y s  ( S a l e h i  e t  a l . ,  2 0 0 8 ) .  B e c a u s e  m a n y  p e s t i c i d e s  m i m i c  
e s t r o g e n ,  w h i c h  i s  a  k n o w n  b r e a s t  c a n c e r  r i s k  f a c t o r ,  t h e y  a r e  o f  i n t e r e s t  i n  e t i o l o g i c  
s t u d i e s  o f  t h i s  d i s e a s e  (  B r o d y  e t  a l . ,  2 0 0 4 ) .  
I n  t h e  l a s t  s e v e r a l  y e a r s  t h e r e  h a s  b e e n  a n  i n c r e a s e  i n  t h e  d e m a n d  f o r  e x p a n d e d  
t e s t i n g  r e g a r d i n g  e n v i r o n m e n t a l  r i s k  f a c t o r s  f o r  b r e a s t  c a n c e r ,  s p e c i f i c a l l y  e x p o s u r e  
t o  p e s t i c i d e s .  A m o n g  t h e  p r i m e  s u s p e c t s  o f  t h e  a d v e r s e  e f f e c t s  o f  e n v i r o n m e n t a l  
a g e n t s  i s  t h e  p e s t i c i d e  D D T ,  w h i c h  w a s  b a n n e d  i n  1 9 7 2 .  I t  h a s  r e c e i v e d  i n c r e a s e d  
a t t e n t i o n  b e c a u s e  o n c e  i n  t h e  h u m a n  b o d y ,  D D T  a n d  p e s t i c i d e s  a l i k e  a c c u m u l a t e  i n  
b o d y  f a t  a n d  t a k e  a  l o n g  t i m e  t o  e l i m i n a t e ,  w h i c h  p o s e s  a  h u g e  p r o b l e m  i f  t h e y  a r e  
c a r c i n o g e n i c  ( H a r v a r d ,  1 9 9 4  ) .  A l t h o u g h  t h e  r e l a t i o n s h i p  b e t w e e n  p e s t i c i d e  e x p o s u r e  
a n d  b r e a s t  c a n c e r  w a s  i n i t i a l l y  d i s m i s s e d ,  i t  h a s  b e e n  r e v i s i t e d  d u e  t o  m o r e  r e c e n t  s t u d i e s  
d e m o n s t r a t i n g  t h a t  a  t e m p o r a l  r e l a t i o n s h i p  d o e s  i n  f a c t  e x i s t  ( B r o d y  e t  a l . ,  2 0 0 4 ) .  
P e s t i c i d e  u s e  r a i s e s  a  n u m b e r  o f  e n v i r o n m e n t a l  h e a l t h  c o n c e r n s  f o r  t h e  g e n e r a l  
p u b l i c  a s  p e s t i c i d e s  a r e  c o m m o n l y  u s e d  t o  i n c r e a s e  a g r i c u l t u r a l  p r o d u c t i v i t y  a n d  c o n t r o l  
i n v a d i n g  i n s e c t s ,  w e e d s ,  f u n g i  a n d  r o d e n t s  ( J u r e w i c z  e t  a l . ,  2 0 0 6 ) .  P e s t i c i d e s  h a v e  b e e n  
s u s p e c t e d  t o  p r e s e n t  d a n g e r  t o  c o n s u m e r s  a n d  b y s t a n d e r s ,  a s  w e l l  a s  w o r k e r s  d u r i n g  t h e  
m a n u f a c t u r i n g  a n d  t r a n s p o r t i n g  p r o c e s s  o f  t h e s e  c h e m i c a l s .  T h i s  i s  a  p r o b l e m  o f  g r e a t  
s i g n i f i c a n c e  b e c a u s e  i f  p e s t i c i d e s  d o  p l a y  a  r o l e  i n  t h e  e t i o l o g i e s  o f  b r e a s t  c a n c e r ,  m a n y  
p e o p l e  a r e  p u t  a t  a n  i n c r e a s e d  r i s k  i n  t h e i r  d a i l y  l i v e s  b y  c o n s u m i n g  a n d  i n h a l i n g  s u c h  
t o x i n s .  
D u e  t o  t h e  f a c t  t h a t  p e s t i c i d e  e x p o s u r e  i s  s o  w i d e s p r e a d  i n  t h e  g e n e r a l  p o p u l a t i o n  
a n d  b r e a s t  c a n c e r  i s  t h e  m o s t  c o m m o n  c a n c e r  a m o n g  w o m e n ,  i t  r e m a i n s  e x t r e m e l y  
i m p o r t a n t  t o  d e t e r m i n e  w h e t h e r  p e s t i c i d e  e x p o s u r e  c o n t r i b u t e s  t o  a n  i n c r e a s e d  r i s k  
o f  b r e a s t  c a n c e r  ( B r o d y  e t  a l . ,  2 0 0 4 ) .  T h e  p u r p o s e  o f  t h i s  p a p e r  i s  t o  r e v i e w  s c h o l a r l y  
l i t e r a t u r e  o n  t h e  e p i d e m i o l o g i c  r e l a t i o n s h i p  b e t w e e n  e x p o s u r e  t o  p e s t i c i d e s  a n d  t h e  
s u b s e q u e n t  d e v e l o p m e n t  o f  b r e a s t  c a n c e r .  
L I T E R A T U R E  R E V I E W  
T h e  a s s o c i a t i o n  b e t w e e n  t h e  p o s s i b l e  r o l e  o f  p e s t i c i d e  e x p o s u r e  i n  t h e  d e v e l o p m e n t  
o f  b r e a s t  c a n c e r  i s  o f  p a r t i c u l a r  i n t e r e s t  o n  C a p e  C o d ,  a  s a n d y  p e n i n s u l a  o n  t h e  
M a s s a c h u s e t t s  c o a s t ,  b e c a u s e  o f  a  h i s t o r y  o f  d i s t i n c t i v e  p e s t i c i d e  u s e  a n d  e l e v a t e d  
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S h a p i r o :  E x p o s u r e  t o  P e s t i c i d e s  a n d  B r e a s t  C a n c e r  R e v i s i t e d
P u b l i s h e d  b y  U N I  S c h o l a r W o r k s ,  2 0 0 9
incidence of breast cancer (Brody et al., 2004) . Brody, et al, conducted an analytic 
investigation in the form of a population-based case-control study to examine breast 
cancer risk associated with residential proximity to wide-area pesticide use on Cape 
Cod. The study was comprised of 1,165 women who were diagnosed with breast 
cancer according to the Massachusetts Cancer Registry (MCR) in 1988-1995 and 
1,016 controls (living and deceased). All subjects were permanent residents of Cape 
Cod for at least 6 months and the controls were frequency matched to cases on date 
of birth in decades and vital status in order to address confounders. The investigators 
used unconditional logistic regression to calculate crude and adjusted ORs and 95% 
confidence intervals for each source of pesticide exposure and breast cancer. 
Both historical records and geographic information systems (GIS) were used for 
exposure assessment. Exposures were assessed from pesticides applied for tree pests, 
mosquito control on wetlands, cranberry bogs and other agriculture dating back to 
1948 (when DDT was first used there) . GIS function as a promising tool for this type 
of investigation because it has several strengths in comparison to other techniques. 
For example, it is not prone to error and recall bias like self-reports and is neither as 
expensive nor limited in the number of agents that can be measured as in biologic or 
environmental sampling. In addition, GIS can efficiently integrate records of locations 
were pesticides were used, models of how these compounds travel in the environment, 
and locations of individuals at the times and places oflikely exposures. 
This study was extremely thorough and done very well for a number of reasons. 
First of all, it used a variety of formulas to examine and analyze the data found in 
order to generate the most accurate results. For example, different algorithms were 
used to calculate exposures from predominantly aerial- and ground-based applications, 
which took into account distance from edge of sprayed area, size of sprayed area and 
direction-dependent constants derived to account for northeast, southeast, northwest 
and soutl1west wind directions. Secondly, the researchers matched cases and controls to 
account for confounders extensively. "The following matched variables and potential 
confounders were controlled in all adjusted OR analyses based on a priori consideration 
of the research design, well-established breast cancer risk factors, and the completeness 
of data: age as a continuum term, birth decade (six categories), vital status, year of 
diagnosis/ reference year, prior breast cancer, age at first birth, family history of breast 
cancer in a first-degree female relative, education ( five categories), and years ofresidence 
on Cape Cod during the exposure period" (Brody et al., 2004). If subjects were missing 
data for the main exposures or other potential confounders listed above, participants 
were excluded. Fourteen additional confounders were also considered but because none 
changed the OR by a significant amount, they were not included in the final models. 
In 1976, a prospective cohort study was conducted on 121,700 married registered 
nurses who were enrolled in the Nurses' Health Study and subsequently followed by 
questionnaire every two years (Hunter et al., 1997). Information on risk factors for 
breast cancer was obtained through questionnaires and self-reported diagnoses of breast 
cancer were confirmed by reviewing medical records. Between 1989 and 1990, 32,826 
of the women sent a blood sample and the investigators were then able to assemble their 
cases for a case-control study. There were a total of 240 eligible case patients, which 
International Journal of Global Health and Health Disparities 91 
2
International Journal of Global Health and Health Disparities, Vol. 6, No. 1 [2009], Art. 10
http://scholarworks.uni.edu/ijghhd/vol6/iss1/10
w e r e  d e f i n e d  a s  w o m e n  w h o  d i d  n o t  h a v e  a  d i a g n o s i s  o f  c a n c e r  w h e n  t h e y  s e n t  i n  t h e  
b l o o d  s a m p l e  a n d  i n  w h o m  c a n c e r  w a s  s u b s e q u e n t l y  d i a g n o s e d  b e f o r e  J u n e  1 ,  1 9 9 2 .  
H u n t e r ,  e t  a l ,  c o n c l u d e d  t h a t  t h e i r  d a t a  d i d  n o t  s u p p o r t  t h e  h y p o t h e s i s  t h a t  e x p o s u r e  t o  
o r g a n o c h l o r i n e s  i n  p e s t i c i d e s  i n c r e a s e s  t h e  r i s k  o f  b r e a s t  c a n c e r .  
A  s t r e n g t h  o f  t h i s  s t u d y  w a s  t h e  m a t c h i n g  o f  c a s e s  t o  c o n t r o l s  i n  o r d e r  t o  c o n t r o l  f o r  
p o t e n t i a l  c o n f o u n d i n g  v a r i a b l e s .  F o r  e a c h  c a s e ,  t h e  i n v e s t i g a t o r s  m a t c h e d  a  c o n t r o l  w h o  
h a d  n o t  r e p o r t e d  a  d i a g n o s i s  o f  c a n c e r  a c c o r d i n g  t o  y e a r  o f  b i r t h ,  m e n o p a u s a l  s t a t u s  
a t  t h e  t i m e  o f  b l o o d  s a m p l i n g ,  m o n t h  i n  w h i c h  t h e  b l o o d  s a m p l e  w a s  r e t u r n e d ,  t i m e  
o f  d a y  t h e  b l o o d  s a m p l e  w a s  t a k e n ,  a n d  f o r  p o s t m e n o p a u s a l  w o m e n ,  p o s t m e n o p a u s a l  
h o r m o n e  u s e .  A  l i m i t a t i o n  i n  t h e  p r o s p e c t i v e  c o h o r t  p a r t  o f  t h e  s t u d y  w a s  t h a t  t h e  
i n v e s t i g a t o r s  r e p o r t e d  t h a t  w o m e n  w h o  g a v e  a  b l o o d  s a m p l e  w e r e  s l i g h t l y  m o r e  l i k e l y  
t o  h a v e  a  h i s t o r y  o f  e i t h e r  b e n i g n  b r e a s t  d i s e a s e  o r  a  f a m i l y  h i s t o r y  o f  b r e a s t  c a n c e r .  
T h e s e  d i f f e r e n c e s  c o u l d  i n f l u e n c e  t h e  i n t e r n a l  v a l i d i t y  o f  c o m p a r i s o n s  b e t w e e n  c a s e s  a n d  
c o n t r o l s  i n  t h e  s u b c o h o r t ,  w h i c h  i s  t h e  m o s t  i m p o r t a n t  g o a l  o f  a n y  s t u d y .  A l s o ,  b e c a u s e  
i n f o r m a t i o n  o n  r i s k  f a c t o r s  w a s  o b t a i n e d  v i a  q u e s t i o n n a i r e ,  t h i s  s t u d y  i s  s u b j e c t  t o  e r r o r  
a n d  r e c a l l  b i a s .  
A  c a s e - c o n t r o l  s t u d y  w a s  c o n d u c t e d  t o  e x a m i n e  w h e t h e r  l e v e l s  o f  s e v e r a l  p e s t i c i d e  
c h e m i c a l  r e s i d u e s ,  i n c l u d i n g  D D T  a n d  P C B s ,  w h e r e  h i g h e r  i n  m a m m a r y  a d i p o s e  
t i s s u e  f r o m  w o m e n  w h o  h a d  m a l i g n a n t  b r e a s t  c a n c e r  c o m p a r e d  t o  t h o s e  w i t h  b e n i g n  
b r e a s t  d i s e a s e  ( F a l c k  e t  a l . ,  1 9 9 2  ) .  I n  t o t a l ,  t h e  c a s e s  w e r e  r e p r e s e n t e d  b y  t w e n t y - t h r e e  
f a t  s a m p l e s  e x a m i n e d  f r o m  w o m e n  w h o  h a d  b r e a s t  c a n c e r  a n d  t w e n t y - s e v e n  c o n t r o l  
s a m p l e s .  T h e  s a m p l e s  w e r e  f r o z e n  a n d  l a t e r  f o r w a r d e d  f o r  c h e m i c a l  a n a l y s i s  b y  o n e  
p a t h o l o g i s t .  P a t i e n t  h e i g h t ,  w e i g h t ,  a n d  s m o k i n g  h i s t o r i e s  w e r e  c o l l e c t e d  f r o m  m e d i c a l  
r e c o r d s  o r  b r i e f  t e l e p h o n e  i n t e r v i e w s .  
A f t e r  c h e m i c a l  a n a l y s i s ,  F a l c k ,  e t  a l ,  c o n c l u d e d  t h a t  m e a n  c o n c e n t r a t i o n s  o f  
D D T  a n d  P C B s  w e r e  h i g h e r  i n  t i s s u e s  o f  w o m e n  w h o  h a d  b r e a s t  c a n c e r .  H o w e v e r ,  
i t  i s  i m p o r t a n t  t o  r e c o g n i z e  l i m i t a t i o n s  e m b e d d e d  i n  t h e  w a y  i n  w h i c h  t h i s  s t u d y  
w a s  c o n d u c t e d .  F i r s t ,  t h e  s t u d y  p o p u l a t i o n  c o n s i s t e d  o f  o n l y  f i f t y  s u b j e c t s ,  w h i c h  i s  a  
s m a l l  s a m p l e  s i z e .  I n  a d d i t i o n ,  n o t  m u c h  o f  a n  a t t e m p t  w a s  m a d e  t o  c o n t r o l  p o t e n t i a l  
c o n f o u n d i n g  v a r i a b l e s  a n d  b i a s e s ;  o t h e r  t h a n  t h e  d a t a  c o l l e c t e d  m e n t i o n e d  a b o v e ,  n o  
a d d i t i o n a l  p a t i e n t  h i s t o r y  w a s  a v a i l a b l e  ( s u c h  a s  d i e t a r y  h i s t o r i e s ) .  L a s t l y ,  a l l  5 0  s u b j e c t s  
w e r e  s e l e c t e d  f r o m  h o s p i t a l s ,  w h i c h  i n c r e a s e s  t h e  c h a n c e  f o r  b i a s e d  e s t i m a t e s  o f  e f f e c t  
a n d  d e c r e a s e s  g e n e r i z a b i l i t y  o f  t h e  s t u d y  r e s u l t s .  T h e  d i f f e r e n c e  i n  t h e  f i n d i n g s  c o u l d  b e  
d u e  t o  v a r i a b l e s  n o t  t a k e n  i n t o  c o n s i d e r a t i o n .  I n  o r d e r  f o r  m o r e  a c c u r a t e  r e s u l t s ,  f u r t h e r  
i n v e s t i g a t i o n  o f  t h e  q u e s t i o n  o f  e n v i r o n m e n t a l  a g e n t s  a n d  b r e a s t  c a n c e r  w i t h  b e t t e r  a g e  
m a t c h i n g  a n d  a t t e n t i o n  t o  o t h e r  f a c t o r s  k n o w n  t o  c o n t r i b u t e  t o  b r e a s t  c a n c e r .  
A  s t u d y  e x a m i n i n g  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  p e s t i c i d e  D D T  a n d  b r e a s t  c a n c e r  
w a s  c o n d u c t e d  b y  t a k i n g  a  c o l l e c t i o n  o f  s a m p l e s  f r o m  a  p r o s p e c t i v e  c o h o r t  s t u d y  a n d  
i n s e r t i n g  t h e m  i n t o  a  c a s e - c o n t r o l  s t u d y  ( M c C a r t h y ,  1 9 9 3 ) .  A r c h i v a l  s e r u m  s a m p l e s  w e r e  
c o l l e c t e d  f r o m  w o m e n  w h o  w e r e  e n r o l l e d  i n  t h e  N e w  Y o r k  U n i v e r s i t y  W o m e n ' s  H e a l t h  
S t u d y ,  a  c o h o r t  s t u d y  o f  h o r m o n e s ,  e n v i r o n m e n t a l  f a c t o r s  a n d  c a n c e r ,  b e t w e e n  1 9 8 5  
a n d  1 9 9 1 .  I n  a  b l i n d e d  c a s e - c o n t r o l  s t u d y ,  t h e r e  w e r e  5 8  c a s e s ,  w h i c h  w e r e  d e f i n e d  a s  
w o m e n  w h o  h a d  b e e n  d i a g n o s e d  1 - 6  m o n t h s  a f t e r  j o i n i n g  t h e  s t u d y .  C o n c e n t r a t i o n s  
o f D D E  ( a  m e t a b o l i t e  o f  t h e  p e s t i c i d e  D D T )  i n  t h e  5 8  c a s e s  w e r e  c o m p a r e d  t o  t h o s e  
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of 171 matched controls from the same population and relative risk calculations were 
made. 
This study found that there is a strong association between high serum 
concentrations of DDE ( a metabolite of the pesticide DDT) and breast cancer in 
women. The researchers found that women who had the highest serum concentrations 
of DDE had four times the relative risk for breast cancer. Although the sample size 
was small, this leads researchers to believe that organochlorines may in fact act as 
carcinogens. 
"California is the leading agricultural state in the United States, and more than a 
quarter of all pesticides in the United States are applied there" (Mills & Yang, 2006). 
Latinas make up a large proportion of the workers in the labor-intensive agricultural 
field, which puts them at increased risk of exposure to agricultural pesticide chemicals, 
such as organochlorides. Mills and Yang conducted a population-based regression 
analysis to examine the possible relation between pesticide exposure to organochlorines 
and incidence of breast cancer in California Latinas (Mills & Yang, 2006). 
The analysis utilized 1988-2000 data from the California Cancer Registry, the 
population-based cancer registry that monitors cancer incidence and mortality within 
the state, and pesticide use data from 1970-1988 from the California Department of 
Pesticide Regulation. A total of23,513 Latinas were diagnosed with breast cancer in 
California between 1988-2000. The researchers used negative binomial regression 
models in order to control age, socioeconomic status and fertility rates. Mills and Yang 
found that breast cancer was positively associated with organochlorine exposure. 
This study had both strengths and limitations that are important to consider when 
interpreting the results . A strength in the study design was that is used a 19- year 
exposure period (1970-1988) that predated the identification of newly diagnosed 
cases of breast cancer ( 1988-1999). This extended period allows sufficient latency for 
potential exposure and disease association to become manifest. Also, this study focused 
on a population with a tradition of agricultural employment and consisted of a large 
sample size. Lastly, the use of the CCR, into which more than 95 percent of all cancers 
are annually assessed, provided a large number of breast cancer cases for analysis. The 
limitations include the ecological nature of the exposure assessment. 
Annette Hoyer and her colleagues conducted a retrospective cohort study to further 
investigate the proposed relationship between the chlorinated compounds found in 
some pesticides and breast cancer (Feeny, 1999). Together they studied blood samples 
taken from 720 Danish women that had been previously collected for a heart study, 
before cancer had appeared in any of the subjects. However, since that study 240 of the 
participants developed breast cancer. 
The study found an association between exposure to certain chemicals in pesticides 
and incidence of breast cancer. Dieldrin, which is a pesticide that has been banned in 
the United States, appeared to pose the greatest risk. Women whose blood had the 
highest concentration of dieldrin were more than twice as likely to develop breast cancer 
compared to those with very low concentrations of this chemical. Also, a component of 
the pesticide lindane appeared to increase one's chance of developing breast cancer but 
to a lesser degree than dieldrin. 
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S U M M A R Y  A N D  C O N C L U S I O N S  
W h e n  c o l l e c t i v e l y  r e v i e w i n g  t h e  s t u d i e s  d i s c u s s e d  a b o v e ,  i t  i s  i m p e r a t i v e  t o  k e e p  
i n  m i n d  s e v e r a l  i s s u e s  t h a t  a r i s e  o u t  o f  t h e  n a t u r e  o f  e p i d e m i o l o g i c a l  s t u d i e s .  F i r s t ,  t h e  
m a j o r i t y  o f  t h e  s t u d i e s  e x a m i n i n g  t h e  p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  t h e  e x p o s u r e  t o  
p e s t i c i d e s  a n d  s u b s e q u e n t  d e v e l o p m e n t  o f  b r e a s t  c a n c e r  a r e  i n  t h e  f o r m  o f  c a s e - c o n t r o l  
s t u d i e s .  T h i s  t y p e  o f  s t u d y  i s  a f f e c t e d  b y  b i a s  m o r e  t h a n  a n y  o t h e r  s t u d y  d e s i g n ,  w h i c h  
r e s u l t s  i n  t h e  n e e d  f o r  c r i t i c a l  a n a l y s i s  w h e n  i n t e r p r e t i n g  r e s u l t s .  B e c a u s e  o f  e t h i c a l  
i s s u e s ,  s t u d i e s  t h a t  a r e  l e s s  p r o n e  t o  s u c h  e r r o r s  a r e  m o r e  d i f f i c u l t  t o  c o n d u c t .  A n o t h e r  
m a j o r  c o n c e r n  i n  c o n d u c t i n g  c a s e - c o n t r o l  s t u d i e s  i s  t h a t  t h e  m a j o r i t y  o f  t h e  i n f o r m a t i o n  
r e g a r d i n g  p r e v i o u s  e x p o s u r e s  i s  c o l l e c t e d  d i r e c t l y  f r o m  t h e  s u b j e c t s  u n d e r  s t u d y .  S i n c e  
c a s e s  a n d  c o n t r o l s  a r e  s e l e c t e d  b a s e d  o n  d i s e a s e  s t a t u s ,  a n d  t h e  h i s t o r y  o f  e x p o s u r e s  
i s  t h e n  a s s e s s e d  b a s e d  o n  p e r s o n a l  e x p e r i e n c e / m e m o r y ,  p r o b l e m s  o f  r e c a l l  b i a s  a n d  
l i m i t a t i o n s  i n  r e c a l l  o f  e x p o s u r e s  a r e  i n t r o d u c e d .  A  t h i r d  i s s u e  t o  k e e p  i n  m i n d  w h e n  
c o n d u c t i n g  t h i s  t y p e  o f  s t u d y  i s  t h a t  c a s e s  a n d  c o n t r o l s  m a y  d i f f e r  i n  c h a r a c t e r i s t i c s  
o r  e x p o s u r e s  o t h e r  t h a n  t h e  o n e s  t h a t  h a v e  b e  i d e n t i f i e d  f o r  s t u d y .  A l t h o u g h  t h e r e  
a r e  a p p r o a c h e s  t o  d e a l  w i t h  t h e s e  t y p e s  o f  p r o b l e m s ,  s u c h  a s  m a t c h i n g ,  i n  d o i n g  s o  a  
d i f f e r e n t  s e t  o f  p r a c t i c a l  a n d  c o n c e p t u a l  p r o b l e m s  b e c o m e  a n  i s s u e  (  G o r d i s ,  p .  1 6 1 - 1 7 2  ) .  
A l t h o u g h  t h e  p r e v a l e n c e  o f  b r e a s t  c a n c e r ' s  h i s t o r y  i s  e x t r e m e l y  l o n g ,  o u r  k n o w l e d g e  
o f  t h e  v a r i o u s  a g e n t s  t h a t  c a u s e  b r e a s t  c a n c e r  h a s  f o l l o w e d  m u c h  m o r e  s l o w l y .  I t  i s  
i m p o r t a n t  t o  u n d e r s t a n d  t h a t  c a n c e r - p r o d u c i n g  c h e m i c a l s  i n  o u r  e n v i r o n m e n t ,  s u c h  a s  
p e s t i c i d e s ,  a r e  u n c o n t r o l l e d  a n d  t h e y  a r e  m u l t i p l e .  A l t h o u g h  i t  w o u l d  b e  r a r e  f o r  o n e  
s i n g l e  e x p o s u r e  t o  s u c h  a g e n t s  t o  m a n i f e s t  b r e a s t  c a n c e r  i n  s o m e o n e ,  a n  i n d i v i d u a l  c a n  
h a v e  m u l t i p l e  e x p o s u r e s  t o  t h e  s i n g l e  a g e n t  o r  b e  e x p o s e d  t o  s m a l l  a m o u n t s  o f  a  n u m b e r  
o f  d i f f e r e n t  p e s t i c i d e s .  " I t  i s  q u i t e  p o s s i b l e  t h a t  n o  o n e  o f  t h e s e  s i n g l e  e x p o s u r e s  a l o n e  
w o u l d  b e  s i g n i f i c a n t  t o  p r e c i p i t a t e  m a l i g n a n c y - y e t  a n y  s i n g l e  s u p p o s e d l y  ' s a f e  d o s e '  m a y  
b e  e n o u g h  t o  t i p  t h e  s c a l e s  t h a t  a r e  a l r e a d y  l o a d e d  w i t h  o t h e r  ' s a f e  d o s e s " '  ( C a r s o n ,  p .  
2 3 7 ) .  
B y  a n a l y z i n g  t h e  r e s u l t s  o f  t h e  s t u d i e s  p r e v i o u s l y  d i s c u s s e d ,  i t  i s  c l e a r  t o  s e e  t h a t  
t h e r e  a r e  d i f f e r i n g  b e l i e f s  a s  t o  w h e t h e r  o r  n o t  p e s t i c i d e s  p l a y  a  r o l e  i n  t h e  e t i o l o g y  o f  
b r e a s t  c a n c e r ,  a n d  i f  s o ,  t o  w h a t  e x t e n t .  A l t h o u g h  t h e  m a j o r i t y  o f  t h e  s t u d i e s  d o  n o t  
g i v e  c o n c l u s i v e  e v i d e n c e  t h a t  p e s t i c i d e s  a c t  a s  a  c a u s a t i v e  a g e n t ,  a n y  s c i e n t i f i c a l l y  p r o v e d  
c o r r e l a t i o n  b e t w e e n  t h e  e x p o s u r e  t o  p e s t i c i d e s  a n d  s u c h  a  p r e v a l e n t  d i s e a s e  i s  e n o u g h  
t o  s h o w  t h a t  t h e  t w o  a r e  r e l a t e d  a n d  d e m o n s t r a t e s  t h e  n e e d  f o r  f u r t h e r  i n v e s t i g a t i o n ,  
e s p e c i a l l y  w h e n  a  d o e s - d e p e n d e n t  r e l a t i o n s h i p  h a s  b e e n  s h o w n .  A s  m e n t i o n e d  b e f o r e ,  
b r e a s t  c a n c e r  i s  t h e  m o s t  f r e q u e n t l y  d i a g n o s e d  c a n c e r  a m o n g  w o m e n  a n d  t h e  k n o w n  r i s k  
f a c t o r s  a c c o u n t  f o r  l e s s  t h a n  h a l f  o f  t h e  c a s e s .  B e c a u s e  s o  m u c h  o f  t h e  e t i o l o g y  o f  b r e a s t  
c a n c e r  r e m a i n s  u n k n o w n ,  a n y  e v i d e n c e  t h a t  d e m o n s t r a t e s  a  r e l a t i o n s h i p  b e t w e e n  t h e  
p r o p o s e d  r i s k  f a c t o r  a n d  d i s e a s e  i s  e n o u g h  t o  p r o v e  t h a t  a  t e m p o r a l  r e l a t i o n s h i p  d o e s  i n  
f a c t  e x i s t  a n d  s h o u l d  s e r v e  a s  a  w a k e  u p  c a l l  f o r  f u r t h e r  r e s e a r c h .  
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